Introduction

46
Green fluorescent protein (GFP) is an invaluable tool for real-time visualization of 47 6 Thus, in this study we present a simple methodology to take advantage of the ability 118 to add sequence divergence to tandem proteins while maintaining function through 119 variation in amino acid sequence as well as synonymous codon usage. By fusing three 120 different GFP variants that vary mainly at nucleotide-level, we produce a new triple 121 tandem GFP (3vGFP) stabilized towards direct-repeat recombination. We 122 demonstrate the utility of 3vGFP through a genetically triggered promoter (ON/OFF) 123 and developing and characterizing a new version of a Cu 2+ -responsive promoter with 124 reduced leakiness. Application of 3vGFP allowed visualization of weak signals that 125 could not be separated from autofluorescence levels using the brightest individual 126 GFP variant, superfolder GFP. Lastly, we test the stability towards recombination 127 after culturing of the strain harboring 3vGFP through 25 generations. 128
Materials and methods
129
Materials 130
Unless otherwise stated, reagents were purchased from Sigma-Aldrich. Oligonucleotides were purchased from Integrated DNA Technologies. 138
Plasmids 139
The plasmids employed in this study are listed in Table 1 . 140 The strains analyzed in this study are listed in Table 2 . 145
The following background strains were used to construct the strains: 146 PRa107
Saccharomyces cerevisiae
PRa18 µL DpnI FastDigest (Thermo Scientific) in FastDigest buffer at 37 degrees C for 1-2 167 hours. Following 25 minutes at room temperature, 2.5 µL reaction was transformed 168 into E. coli. Correctly cloned plasmids were identified using restriction analysis and 169 DNA sequencing. The detailed use of oligonucleotides for assembly of all plasmids is 170 described in Supplementary data. 171
Construction of strains 172
Plasmids and DNA for chromosomal targeting was introduced in S. cerevisiae by 173 methods described previously (Gietz and Schiestl 2007) . The PRa18 strain was 174 constructed from the MaV203 strain by deletion of SPAL10::URA3 through 175 replacement with a kanMX gene deletion cassette flanked by loxP recombination sites 176 from the pUG6 plasmid as described before (Güldener et al. 1996) . DNA flanks to 177 direct homologous recombination of the cassette to the chromosomal locus were 178 generated by PCR on S. cerevisiae (Fig. 1A) . Two glycine residues were introduced as translational linker in each 244 junction. The fluorescence of 3vGFP was evaluated when expressed from a weak S. The output fluorescence was first evaluated with single sfGFP (Fig. 1B) , which is the 253 individually brightest of the three GFPs tested. However, the fluorescence levels 254 could not be distinguished from the control strain devoid of genes encoding GFP 255 (PRa108). In contrast, the fluorescence of a strain (PRa106) carrying the gene 256 encoding 3vGFP controlled by the same promoter was 3-fold higher than the 257 background level and thus the level of the single sfGFP strain (Fig. 1B) . and RalGDS interaction domains (Herrmann et al. 1996) . However omitting the 265
DNA-binding domain prevents reconstitution of a functional transactivator (OFF). 266
These ON/OFF effects of present DNA-binding domain remained hidden below the 267 background levels of the sfGFP strains, while observable in strains with 3vGFP as 268 output (Fig. 1B) . 269 (Fig 2A) . These 294 results exemplify that direct-repeat recombination can occur within 3vGFP in S. 295 cerevisiae and if selected for, these effects can become significant. However, since 296 3vGFP is intended for use at levels of low expression, a fitness advantage is not likely 297 to further drive diminished fluorescence at a typical utility of 3vGFP. to the ACE1 transcription factor, which in turn binds to upstream activating sequence 310 (UAS) elements of pCUP1 (Huibregtse 1989; Evans et al. 1990 ) (elements 311 schematically depicted in Fig. 3A) . The leakiness level of pCUP1 measured with 312 3vGFP corresponded to 2.5-fold the cell autofluorescence (Fig. 3B) . Based on the 313 regulatory mechanism of ACE1, we anticipated that trace levels of Cu 2+ in the growth 314 medium did not cause this leakiness, but rather assumed this basal transcriptional 315 activity to be ACE1-independent. Accordingly, as strategy we hypothesized that 316 swapping the promoter region downstream of ACE1 UASs for a transcriptionally 317 repressed promoter could provide attenuation, while maintaining the response to 318 ACE1-dependent induction. We therefore combined the upstream region of pCUP1 (-319 149 to -454) containing three ACE1-binding sites, with part of the S. cerevisiae 320 pSPO13 (-1 to -157) including its UME6 repressor-binding site (Fig. 3A) . This new 321 promoter (pCUP1dim) controlling 3vGFP resulted in fluorescence that was reduced 322 approx. 61 % (before background-subtraction) to levels close to the cell 323 autofluorescence (Fig. 3B) , while the promoter remained responsive to addition of 324 Cu 2+ (Fig. 3C ). 325 
